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(54) [Name of the Invention] Method for the Manufacture of Acroleic Acid or Acrylic 
Acid, and Catalysts Used Therein 

(57) [Summary] 

[Purpose] To manufacture acrolein and/or acrylic acid from propane. 

[Constitution] In the oxidation of propane by using molecular oxygen for the production 
of acrolein and/or acrylic acid, a catalyst is used that comprises either heteropolyacid or 
its salt, with heteropolyacid or its salt containing phosphorus and molybdenum as 
essential constituents. 

[Claims] 
[Claim 1] 

A catalyst for the production of acrolein and/or aciylic acid from propane, comprising 
either heteropolyacid or its salt, and heteropolyacid or its salt containing phosphorus and 
molybdenum as essential constituents. 

[Claim 2] The catalyst of Claim 1, in which the catalyst is expressed by the general 
formula Pa Mob Vc Ad Xe Ox (where "P" denotes phosphorus; "Mo" molybdenum; "V" 
vanadium; "A" arsenic and/or antimony; "X" one or more elements chosen from among 
tin, lead, cerium, cobalt, iron, zirconium, thorium, tungsten, germanium, nickel, rhenium, 
bismuth, chromium, boron, magnesium, calcium, barium, strontium, selenium, tellurium, 
silver, aluminum, zinc, copper, titanium, potassium, rubidium, cesium, and thallium; "O" 
denotes oxygen such that if b = 12, a = 0.5-3, c = 0.01-3, d = 0-3, and e = 0-3; and "x" 
denotes a number that is determined by the oxidation state of a constituent element). 

[Claim 3] An acrolein and/or acrylic acid production method, characterized in that a 
catalyst comprising heteropolyacid or its salt containg phosphorus or molybdenum as 
essential constituents is used during the production of acrolein and/or acrylic acid by 
reacting propane with molecular ojqrgen. 

[Claim 4] The catalyst of Claim 3, in which the catalyst is expressed by the general 
formula Pa Mob Vc Ad Xe Ox (where "P" denotes phosphorus; "Mo" molybdenum; "V^ 
vanadium; "A" arsenic and/or antimony; "X" one or more elements chosen from among 
tin, lead, cerium, cobalt, iron, zirconium, thorium, tungsten, germanium, nickel, rhenium, 
bismuth, chromium, boron, magnesium, calcium, barium, strontium, selenium, tellurium, 
^silver, aluminum, zinc, copper, titanium, potassium, rubidium, cesium, and thallium; "O" 
clenotes oxygen such that if b = 12, a = 0.5-3, c = 0.01-3, d = 0-3, and e = 0-3; and "x" 
denotes a number that is determined by the oxidation state of a constituent element). 
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[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention relates to a method for producing 
acrolein and/or acrylic acid, using propane as a starting material. 

[0002] 

[Prior Art] Demand has increased in recent years for acrylic acid as a raw material for 
the production of water-absorbing resin, paper-processing agents, fabric-processing 
agents, and coagulants. Currently, acrylic acid or acrolein, which is an intermediate 
compound for the production of acrylic acid, is produced using propylene. However, 
methods for producing the same from propane, a cheaper raw material, have been 
objects of investigation. To date, there have been several reports on the production of 
acrolein or aciylic acid from propane. 

[0003] In Chem. Comm., 786 (1986), M. Ai reports on a one-step production of aciylic 
acid from propane using a Te-modified vanadyl phosphate catalyst. Concerning the 
vanadyl phosphate system, the inventors of the present invention disclosed a gold and/or 
silver-modified catalyst in the OFFICIAL GAZETTE FOR UNEXAMINED PATENTS 
H3-344667. The OFFICIAL GAZETTE FOR UNEXAMINED PATENTS H2-83348 
and the OFFICIAL GAZETTE FOR UNEXAMINED PATENTS H2-67236 disclose Bi- 
V-Mo-Ag based catalysts and B-P based catalysts, respectively. Further, in Chem. Lett. 
1733 (1989), Y. Takita reports that the reaction from propane to acrolein proceeds on 
various phosphate catalysts. However, in the view of the inventors of the present 
invention, these catalysts leave much to be desired as catalysts intended to produce either 
acrolein or acrylic acid from propane on an industrial scale, in terms of activity, 
selectivity, and durability. Therefore, there has been a strong need for catalysts that 
offer better performance characteristics. 

[0004] 

[Problems Addressed by the Invention] 

The invention, as filed, provides a catalyst that excels in both activity and selectivity for 
the production of acrolein and/or acrylic acid by the reaction of propane with molecular 
oxygen. 

[0005] 

[Means of Solving the Problem] 

The present invention relates to a catalyst which comprises heteropolyacid or its salt, with 
the heteropolyacid or its salt containg phosphorus or molybdenum as essential 
constituents, and which is used for the production of acrolein and/or acrylic acid. Also, 
the present invention relates to a method for the production of acrolein and/or acrylic 
acid, characterized in that, during the production of acrolein and/or acrylic acid by the 
reaction of propane with molecular oxygen, a catalyst is used which comprises 
heteropolyacid or its salt. The heteropolyacid or its salt contains phosphorus or 
molybdenum as essential constituents. 
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[0006] According to the present invention, acrolein and/or acrylic acid can be produced 
in high yields from propane. The catalyst of the present invention is either 
heteropolyacid or its salt containing phosphorus and molybdenum as essential 
constituents, to which other constituents are added as needed. The preferred catalyst can 
be expressed by the general formula Pa Mob Vc Ad Xe Ox, where "P" denotes 
phosphorus; "Mo" molybdenum; "V vanadium; "A" arsenic and/or antimony; "X" one or 
more elements chosen from among tin, lead, cerium, cobalt, iron, zirconium, thorium, 
tungsten, germanium, nickel, rhenium, bismuth, chromium, boron, magnesiiun, calcium, 
barium, strontium, selenium, tellurium, silver, aluminum, zinc, copper, titanium, 
potassium, rubidium, cesium, and thallium; "O" denotes oxygen such that if b = 12, a = 
0.5-3, c = 0.01-3, d = 0-3, and e = 0-3; and "x" denotes a number that is determined by 
the oxidation state of a constituent element. The basic structure of the catalyst of the 
present invention is either molybdic acid or its salt. In the preferred catalysts of the 
present invention, it is thought that some of the phosphorus and/or molybdenum atoms 
in the crystals that comprises the basic structure are replaced by other elements. 

[0007] 

Known heteropolyacid production methods can be used to prepare the catalyst of the 
present invention. For example, a solution of either heteropolyacid or a soluble 
heteropolyacid salt is prepared by adding prescribed amounts of metal oxides and nitrates 
in an aqueous solution of phosphoric acid and by dissolving the ingredients by heating 
them. The catalyst can then be made by drying, baking, and molding operations. 
Alternatively, a solution of heteropolyacid is prepared and counter-cations are added to 
the solution in order to form an insoluble heteropolyacid salt, which precipitates out. 
The solution is separated by filtration. Or, the catalyst is prepared without performing 
the separation step by conducting drying, baking, and molding operations. 

[0008] For drying the catalyst, known methods can be used, such as evaporating and 
drying the solution in a box-style dryer, and using the spray-drying method. Normally, a 
drying temperature of 50^C to 200''C is employed. The catalyst intermediate that 
emerges from the drying process is baked either after molding or without molding. The 
final baking temperature to be used is 200°C to 500X, preferably 250^C to 400°C. The 
following gases can be used as baking atmospheres: nitrogen, helium, argon, and other 
inert gases; oxygen-containing gases such as air, oxygen, and oxygen-enriched air; 
reducing gases such as hydrogen and hydrocarbons; water vapor, and a mixture of these 
gases. The drying and baking processes can be conducted either consecutively or on an 
integral basis. 

[0009] To mold the catalyst, known methods can be used, such as extrusion molding, 
compression molding, spray-drying granulation (fluidized-bed catalyst), and granulation 
by rolling. The catalyst may be formed in any shape, including spherical, cylindrical, and 
ring shapes, and in the form of fine particles (fluidized-bed catalyst). In addition, the 
deposition of the catalyst constituents of the present invention on a pre-molded carrier 
such as alumina, silica-alumina, silica, titania, silicon carbide, cordierite [SPELLING 
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UNK JAPANESE TEXT READS "KOJIRATTO"], mullite, and diatomite, is also 
included in the scope of the present invention. 

[0010] In the method of the present invention, acrolein and/or acrylic acid is produced 
by reacting an oxygen-containing gas with propane in the presence of a catalyst. 
Economically, the desirable oxygen-containing gas to use is air. However, either pure 
oxygen or air diluted with nitrogen can be used. In a process that requires recycling of 
unreacted propane, p\ire o^g^gen should be used in order to prevent a buildup of inert 
gases. The use of water vapor and carbon dioxide as diluting gases is also included in 
the scope of the present invention. 

[0011] The reaction temperature employed is 250^C to 500^C, preferably 300*^0 to 450**C 
Temperatures less than 250''C result in a slow rate of reaction. Temperatures higher 
than 500''C lead to a breakdown of the heteropolyacid and defeat the purpose of 
producing acrolein or acrylic acid. Any reaction pressure can be used, including negative 
pressure, ordinary pressure, and positive pressure. Preferably, a 1-5 kg/cm^ abs. pressure 
should be used. The space velocity of the reaction is 100-10,000 [1/hr], preferably 500- 
5,000 [1/hr]. In a molar ratio, the amount of oxygen used relative to propane is 0.1 to 10. 
The reaction can be carried out either with an excess of oxygen or with an excess of 
propane relative to the stoichiometric ratio. However, for safety, the reaction condition 
should be set outside an explosive range. 

[0012] 

[Examples] The following is an explanation of the present invention with reference to 
examples. The compositions of the catalysts prepared are summarized in Table 1 (in 
atomic ratios). 

Example 1 

While 600 ml of water was being stirred and heated, 85% phosphoric acid (9.4 g), 
molybdenum trioxide (100 g), vanadium tetraoxide (6.3 g), copper oxide (LI g), and 
arsenic trioxide (1.3 g) were added. The mixture was refluxed for 3 hours with heating. 
In the raw material solution thus obtained, a second solution made by dissolving cesium 
nitrate (2.3 g) in 100 ml of water, and a third solution made by dissolving 28% 
ammonium water (13.5 g) in 70 ml of water were mixed simultaneously. The mixed 
solution thus obtained was dried by spraying, and tablets with a 3 mm diameter and 3 
mm height were formed. The tablets were baked for 10 hours at 350^*0 in the presence 
of air and crushed into particles 44-149 fim in diameter. This produced a composite 
oxide catalyst with a P/MoA^/As/Cu/Cs atomic ratio of 1.4/12/1.2/0.22/0.24/0.2. 0.1 ml of 
the catalyst thus obtained was packed in a glass reaction tube with a 3 mm inner 
diameter and heated to 40(fC under a nitrogen gas flow. Then, 2 mi of a gas mixture 
composed of 5% propane and 95% air by volume was caused to react, with a contact 
time of 0.3 second. The resulting reaction products were directly analyzed by gas 
chromatography. The reaction results are shown in Table 2. 
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[0013] Example 2 

While 600 ml of water was being stirred and heated, 85% phosphoric acid (18.7 g), 
molybdenum trioxide (100 g), vanadium tetraoxide (12,6 g), copper oxide (1.0 g), and 
cobalt oxide (1.0 g) were added. The mixture was refluxed for 3 hours with heating. In 
the raw material solution thus obtained, a second solution made by dissolving 28% 
ammonium water (13.5 g) in 70 ml of water was mixed. The remainder of the procedure 
performed was the same as in Example 1. This produced a composite oxide catalyst with 
a P/Mo/y/Cu/Co atomic ratio of 2.8/12/2.4/0.22/0.22. Activity tests were performed as in 
Example 1. The results are shown in Table 2. 

[0014] Example 3 

A composite oxide catalyst was obtained with a P/Mo/V/Cu/Ni atomic ratio of 
1.4/12/1.2/0.24/0.22 by performing the same procedure as in Example 2, except that nickel 
oxide was used instead of cobalt oxide. Activity tests were performed as in Example 1. 
The results are shown in Table 2. 

[0015] Example 4 

A composite oxide catalyst was obtained with a P/Mo/V/As/Zn atomic ratio of 
1.4/12/1.2/0.22/0.44 by performing the same procedure as in Example 2, except that 
arsenic trioxide and zinc oxide were used instead of copper oxide and cobalt oxide. 
Activity tests were performed as in Example 1. The results are shown in Table 2. 

[0016] Example 5 

A composite oxide catalyst was obtained with a P/Mo/V/Sb/Cu/Se/K atomic ratio of 
1.5/12/0.6/1.0/0.30/1.09/0.05 by performing the same procedure as in Example 1, except 
that potassium nitrate was used instead of cesium nitrate, and in other cases the 
corresponding oxides were used as raw materials. Activity tests were performed as in 
Example 1. The results are shown in Table 2. 

[0017] Example 6 

A composite oxide catalyst was obtained with a P/Mo/V/Cu/BayTe/Fe/Ce/Ag/K atomic 
ratio of 1.5/12/0.5/0.1/1.0/0.1/0.1/0.05/0.1/0.05 by performing the same procedure as in 
Example 5. Activity tests were performed as in Example 1. The results are shown in 
Table 2. 

[0018] Example 7 

Phosphomolybdic acid, H3PMO12O40, supplied by Nippon Mukikagaku Kogyo Co., Ltd. 
was used. Activity tests were performed as in Example 1. The results are shown in 
Table 2. 

[0019] Examples 

11-molybdo-l-vanadophosphoric acid, H4PMO11VO40, supplied by Nippon Mukikagaku 
Kogyo Co., Ltd. was used. Activity tests were performed as in Example 1. The results 
are shown in Table 2. 
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[0020] Comparison Example 1 

A divanadyl pyrophosphate catalyst containing gold was produced according to the 
method described in Patent Application H3-344667, Vanadium pentoxide (15.0 g), 
benzyl alcohol (60 ml), and isobutanol (90 ml) were placed in a reaction vessel that was 
equipped with a condenser and a water separator. ITie mixture was heated under 
refluxing for 2 hours and then was cooled to room temperature. To this mixture, 
chloroaurate-4-hydrate (1.00 g), 85% phosphoric acid (20.1 g), and isobutanol (20 ml) 
were added in the indicated order. The mixture was again heated for 2 hours under 
refluxing. The slurry thus obtained was filtered and dried at ISO^^C for 7 hours. Water 
was added to the dried slurry to render it into a paste. The paste was heat-treated for 2 
hours at 500°C under a nitrogen atmosphere. After the paste was cooled, it was crushed 
into particles 44-149 fim in size. Activity tests were performed as in Example 1. The 
results are shown in Table 2. 

[0021] Comparison Example 2 

A divanadyl pyrophosphate catalyst was produced as in Comparison Example 1, except 
that gold was not added. The results of activity tests are shown in Table 2. The 
divanadyl pyrophosphate catalyst exhibited a higher propane conversion rate than the 
catalyst of the present patent application. However, the 400''C reaction temperature 
condition caused a decrease in the acrolein and acrylic acid selectivity. 

[0022] Comparison Example 3 

In a 500-ml four-mouth flask equipped with a refluxing unit, an aqueous solution of 
zirconium oxynitrate (20 g as a solid component) and 85% phosphoric acid (200 g) were 
mixed by agitation. The mixture was heated and then refluxed with heating for 24 hows. 
The precipitate produced was filtered and dried, and baked for 2 hours at SOff'C in the 
presence of air. This produced a phosphate salt with a P/Zr ratio of 3.7. Activity tests 
were performed as in Example 1. The results are shown in Table 2. 
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[0023] 
(Table 1] 





P 


Mo 


V 


A 


X, other 


Ex. 1 


1.4 


12 


1.2 


As 0.22 


CuO.24 CsO.2 


Ex.2 


2.8 


12 


2.4 




CuO.22 Co 0.22 


Ex. 3 


1.4 


12 


1.2 




CuO.24 Ni022 




1 4 


19 


1 2 




Zn 0.44 


Ex.5 


13 


12 


0.6 




Cu 0.30 Se 1.09 
K 05 




1 5 


12 


05 




Cu 0 1 Ba 1 0 
TeO.l FeO.l 
Ce 0.05 Ag 0.1 
K 0.05 


Ex.7 


1.0 


12 








Ex. 8 


1.1 


12 


1.1 






Comp. Ex. 1 


1.1 




1.1 




Au 0.016 


Comp. Ex. 2 


1.1 




1.1 






Comp. Ex. 3 


1.1 








Zr 0.30 
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[0024] 

•30* (Table 2] 
Table 2 





Propane 
conversion rate 
[%] 


Acrolein 

selectivity 

[%] 


Acrylic acid 
selectivity 

[%] 


Acrolein + 
acrylic acid 
selectivity 


Pv 1 








7 84 


Ex. 2 


6.5 


1.20 


4.71 


5.91 


Ex. 3 


10.4 


0.57 


3.63 


4.20 


Ex. 4 


9.6 


0.64 


2048 


3.12 


Ex.5 


18.2 


0.00 


1.56 


1.56 


Ex. 6 


12.0 


0.00 


1.38 


138 


Ex. 7 


14.3 


0.00 


0.86 


0.86 


Ex. 8 


5.1 


0.00 


2.98 


2.98 


Comp. Ex. 1 


46.5 


0.00 


0.72 


0.72 


Comp. Ex. 2 


34.2 


0.26 


0.27 


0.53 


Comp. Ex. 3 


27.6 


0.00 


0.00 


0.00 



In the activity tests conducted, the propane conversion rate, the acrolein selectivity, and 
the acrylic acid selectivity are defined as follows: 



Propane conversion rate [%] = 100 x {(moles of supplied propane) - (moles of unreacted 
propane)} / (moles of supplied propane) 

Acrolein selectivity [%] = 100 x (moles of acrolein produced) / 
{(moles of supplied propane) - (moles of xmreacted propane)} 

Acrylic acid selectivity [%] = 100 x (moles of acrylic acid produced) / {(moles of 
supplied propane) - (moles of unreacted propane)} 
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[0025] 

[Benefits of the Invention] As the examples indicate, the catalyst of the present 
invention excels as a catalyst for the industrial production of acrylic acid from propane 
with a high total selectivity for acrolein and aciylic add. 
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